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Supplementary Information – Methods and Materials 

Tumor cell lines 

Three human melanoma cell lines (A375 purchased from ATCC; DM366 and DM738 courtesy of 

Dr. Hilliard Seigler, Duke University) were selected to generate xenografts in our animal models.  

All cell lines were maintained as a monolayer in Iscove’s modified Dulbecco’s medium with 10% 

fetal bovine serum, 2 mM glutamine, 1000 IU/ml penicillin, and 100 mg/mL streptomycin and 

grown at 37°C, 98% relative humidity, and 5% CO2.  All other melanoma cell lines were kindly 

provided by Dr. Hilliard Seigler (Duke University). 

Animals and Tumor Inoculation 

Female athymic nude rats (age 5-7 weeks and weight 95-120g) (RHU-M, Harlan, Indianapolis, IN 

or Charles River Laboratories International, Inc., Wilmington, MA) were housed with free access 

to food and water in a temperature controlled room with a 12 hour light-dark cycle. To facilitate 

tumor growth, rats were subjected to 500 cGy of total body irradiation (Clinac 6X; Varian Medical 

Systems). Two days after irradiation, the rats were injected subcutaneously (s.c.) in the right distal 

hind limb with five million cultured human melanoma cells suspended in 0.3 ml of a 2:1 solution 

of PBS:Matrigel (Matrigel, BD Bioscience, Bedford, MA).  Xenografts were measured every 

other day with vernier calipers in 2 perpendicular dimensions.  Tumor volume was calculated 

according to the following formula: [(length) × (width)2] / 2. Treatment was started when tumor 
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volume reached 100 mm3.  All rat experimental protocols were approved by the Duke University 

and Durham VA Medical Center Institutional Animal Care and Use Committees.   

Female nude mice (HRLN nu/nu) were used for systemic studies.  The DM366 melanoma tumor 

cells used for engraftment were harvested during log phase growth and resuspended in phosphate 

buffered saline at 5x107
 cells/ml. Each mouse was injected s.c. in the right flank with 1x107 cells 

suspended in 0.2 ml PBS.  Tumors were monitored twice weekly and then daily as their mean 

volume approached the desired 150–250 mm3
 range.  On day 1 of the study mice were sorted into 

treatment groups with individual tumor volumes ranging from 144 to 288 mm3
 and group mean 

tumor volumes of 202.5 mm3.  The human A375 melanoma utilized in the present study was 

maintained in athymic nude mice by serial engraftment. A tumor fragment (1 mm3) was implanted 

s.c. into the right flank of each test mouse. Tumors were monitored twice weekly and then daily as 

their mean volume approached the desired 80–120 mm3 range; due to the wide range of tumor 

volumes, a mean between 100 and 150 mm3
 was accepted.  On day 1 of the study, the animals 

were sorted into treatment groups with tumor sizes of 63–256 mm3
 and group mean tumor sizes of 

~126 mm3. Three additional groups of mice, which were utilized for sampling purposes, had mean 

volumes of ~281 mm3; the range of individual volumes was 256–320 mm3.  All mouse 

experiments were performed following an approved animal protocol at Piedmont Research Center. 

Drugs for Xenograft therapeutic studies 

Temozolomide (Temodar® Schering Corporation, TMZ) is commercially available and was 

purchased for these studies.   Melphalan was purchased from Glaxo-Wellcome Inc. (Research 

Triangle Park, NC).  For systemic TMZ therapy, a 10 mg/ml stock solution of TMZ was prepared 

in sterile H2O and 10 ml/kg body weight was given via intraperitoneal (ip) injection to achieve a 

final dose of 100 mg/kg.  For regional melphalan therapy, a 2 mg/ml stock solution of melphalan 

was prepared in 0.9% sodium chloride.  This stock solution was routinely prepared immediately 
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prior to surgery on the day of operation. The ILI infusate was prepared by further dilution of the 

melphalan stock solution with a 0.9% sodium chloride solution to achieve a final infusate 

concentration of 90 mg/kg in a volume of 22.5 ml.  ADH-1 (Cys-His-Ala-Val-Cys) was kindly 

provided by Adherex Technologies Inc. (Durham, NC).  A 10 mg/ml stock solution of ADH-1 was 

prepared in sterile phosphate buffered saline and 10 ml/kg body weight was given via ip injection 

to achieve a final dose of 100 mg/kg. 

Xenograft therapy 

For regional chemotherapy studies, six rats were randomly assigned to each treatment group: (1) 

Saline ILI + saline ip, (2) Saline ILI + ADH-1 ip, (3) melphalan ILI + saline ip, or (4) melphalan 

ILI + ADH-1 ip.  ADH-1 (or saline matched control) was given 1 hour prior to ILI with melphalan 

(or saline matched control) and then twice per day for 3 days following ILI.  For systemic 

chemotherapy studies, ten mice were randomly assigned to each treatment group:  (1) saline ip, (2) 

ADH-1 ip, (3) TMZ ip, or (4) TMZ ip + ADH-1 ip.  For studies using A375, ADH-1 (or saline 

matched control) was given once per day for 3 days prior to first dose of TMZ (or saline matched 

control).  Treatment continued for 5 days with one dose per day of each, ADH-1 and TMZ, with 

ADH-1 being given 1 hr prior to TMZ.  For studies with DM366, ADH-1 and TMZ were given 

once per day for 5 days with ADH-1 being given 1 hr prior to TMZ.  ADH-1 treatment continued, 

once per day, for an additional 8 days.  

Isolated Limb Infusion (ILI) Technique 

ILI was performed as described previously (1, 2) at room temperature.  Under anesthesia, the right 

femoral artery and vein were isolated using an operating microscope through a 3-cm inguinal 

incision. The femoral artery was cannulated with a 24 gauge catheter and the arterial catheter was 

attached to a peristaltic pump (Master Flex model 7524-00, Cole-Parmer Instrument Co., Vernon 

Hills, IL).  The femoral vein was then cannulated, and venous drainage flowed by gravity into the 
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reservoir. Once both cannulas were in place, the thigh tourniquet was tightened, and saline was 

initiated at a flow rate of 1.5 ml/minute by a peristaltic pump. A 15-minute infusion with 

melphalan was performed at a flow rate of 1.5 ml/minute, followed by a 1 minute wash-out 

infusion with saline at a flow rate of 3.0 ml/minute. Following the wash, the tourniquet was 

loosened, and the distal femoral arterial and vein were ligated after removing the cannulas. 

Immediately after the surgery animals received a subcutaneous injection of 3 mg of gentamicin in 

2 ml of saline. 

Tumor Measurement and End Points 

Tumors were measured, as described above and tumor volume was calculated according to the 

same formula described above. The response to treatment was followed until either a 500% 

change in tumor volume was achieved or 60 days had elapsed, for regional studies in the rat model, 

or until tumor volume reached 2000 mm3, for systemic studies in the mouse model. 

Evaluation of Tumor Response and Toxicity 

For regional studies of tumor response to melphalan, response to the treatment was evaluated by 

the percent increase in tumor volume on day 30 after treatment, tumor quintupling time, maximal 

decrease in tumor volume, number of tumor regressions and response to treatment for 6 animals 

per group.  The percentage increase in tumor volume was defined as the relative tumor volume on 

day 30 normalized to the initial tumor volume on the day of ILI treatment (day 0). If, on any day 

post operation, tumor volume exceeded five times the volume measured on the day 0, data were 

censored at the date of last follow-up.  For systemic studies of tumor response to TMZ, response 

to the treatment was evaluated by the percent increase in tumor volume on day 23, tumor 

quadrupling time, number of tumor regressions and response to treatment for 10 animals. 

Tumor quadrupling or quintupling time was defined as the mean number of days taken for 

individual tumors to reach a volume of four or five times, respectively, their untreated volume on 
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day 0.  The maximal decrease in tumor volume was defined as the average percent change in 

tumor volume on the day of the smallest volume after treatment. Tumor regressions were defined 

as a tumor whose overall volume decreased over two consecutive measurements. A CR (complete 

response) was defined as the disappearance of all measurable disease over at least two consecutive 

measurements and a PR (partial response) as a 50% or greater decrease in total tumor size over at 

least two consecutive measurements at any time during the follow-up period. All animals in this 

study were monitored for general well-being, body weight and, for ILI treated animals, functional 

ability of the treatment leg following surgery to assess toxicity. 

Western blot, Immunohistochemistry (IHC) and Gene Expression Analysis of Tumor Tissue 

To evaluate the molecular changes occurring in response to treatment with ADH-1, a series of 

non-survival studies were performed in our rat model of ILI therapy.  Animals were prepared and 

tumor inoculated as described above.  Five rats were randomly assigned to each of 4 treatment 

groups:  (1) Saline ILI + saline ip, (2) Saline ILI + ADH-1 ip, (3) melphalan ILI + saline ip, or (4) 

melphalan ILI + ADH-1 ip.  At three time points following ILI (4 hrs x 2 rats, 24 hrs x 2 rats and 

48 hrs x 1 rat) tumor was harvested, divided into 6 to 8 pieces.  One piece was formalin fixed for 

IHC and the remaining pieces were snap frozen and stored at -80°C until ready for further analysis. 

For protein expression analysis, a piece of tumor tissue was lysed in a modified RIPA buffer (150 

mM NaCl, 50 mM Hepes, pH7.0, 2 mM EGTA, 1% Triton X-100, 0.25% sodium deoxycholate 

(w/v)) with protease inhibitors (Complete Mini Protease Inhibitor Cocktail, Roche, Indianapolis, 

IN), 1 mM PMSF and a cocktail of phosphatase inhibitors (1 mM sodium vanadate, 1 mM sodium 

fluoride, and 20 mM β-glycerolphosphate).  Clarified lysates (10-20 μg) were analyzed by SDS-

PAGE followed by Western blotting and detection using the Visualizer Western Blot Detection 

Kit (Millipore, Temecula, CA),  Blots were visualized and quantified using a BioRad Versa Doc 

4000 (BioRad, Richmond, CA) and Quantity One Image software.  Antibodies were obtained from 
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Cell Signaling Technology (Akt, pAKt (Ser473), pPaxillin (Tyr 188), pCrkL (Tyr 207) and CrkL; 

Danvers, MA), Santa Cruz Biotechnology, Inc  (FGFR-1 (Flg) and cSrc; Santa Cruz, CA), Zymed 

Laboratories (Paxillin; South San Francisco, CA), BD Biosciences (Abl and Akt; San Diego, CA), 

and Sigma-Aldrich (actin; St. Louis, MO). 

Immunohistochemistry was performed as previously described (3, 4).  In brief, formalin-fixed 

tumor samples were paraffin-embedded and five l μm sections were placed on positive charged 

slides and air dried.  A composite paraffin block containing breast, colon, lung and prostate 

carcinomas was prepared as a positive control for both AKT antibodies.  A section of tonsil was 

used as positive control for Ki-67.  Treated and non-treated melanoma was used as positive and 

negative control for the MP5/73 antibody.  After removal of paraffin, endogenous peroxidase 

activity was quenched with hydrogen peroxide in methanol and sections were hydrated in water.  

For heat-induced epitope retrieval the slides for MP5/73 and Ki-67 were placed in preheated Dako 

Target Retrieval Solution, pH 6.0 (Dako, Carpinteria, Calif) and slides for AKT-1 and pAKT were 

placed in a cocktail of 10 mM Tris and 1 mM EDTA, pH 9.0.  Both solutions were placed in a 

100° water bath and heated to the desired temperature of 100° C.  All slides were placed in their 

specific preheated solution and heated for 20 minutes at 100° C.  The solutions and slides were 

cooled for 20 minutes, washed in deionized water, and placed in Tris buffered saline (TBS) pH 7.5.  

Sections for Ki-67 (Dako, diluted 1:50) were incubated for 1 hour at room temperature with 

diluted antibody diluted or with mouse IgG (Southern Biotech, Birmingham, AL) as a negative 

control.  Sections for AKT-1 (Cell Signaling, Danvers, MA, diluted 1:500), pAKT (Cell Signaling, 

diluted 1:50) and MP5/73 (kindly provided by Dr. M.J. Tilby, University of Newcastle upon Tyne, 

UK; diluted 1:200) were incubated overnight at 4° C.  For sections run as a negative control, the 

primary antibody was omitted and replaced with rabbit immunoglobulin (Dako, Carpinteria CA) 

or mouse IgG (Southern Biotech, Birmingham, AL) and incubated accordingly. Following 
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incubation with primary antibody, the slides were rinsed and washed with TBS.  Anti-rabbit or 

anti-mouse Envision Plus horseradish peroxidase labeled polymer (Dako Carpinteria, CA) was 

used to label the bound primary antibody.  Diaminobenzidine was used to visualize the formed 

immune complex followed by a hematoxylin counter stain, dehydration, clearing and permanent 

cover slipping.  Tissue sections stained for Klenow Frag-EL (Oncogene, San Diego, CA) were 

stained according to the manufacture’s instructions. 

One piece of snap frozen tumor tissue from each treatment arm and time point was harvested for 

RNA analysis.  Tissue was disrupted in lysis buffer containing 10% β-mercaptoethanol using 

biopulverizer beads.  RNA was isolated using the Qiagen RNeasy mini kit.  Each RNA isolation 

included a 15-20’ incubation with RNase-free DNase to ensure that all residual genomic DNA was 

removed.  The RNA concentration was measured and an initial quality assessment obtained using 

standard spectrophotometric methods (A260/A280 ratio).  RNA with an A260/A280 ratio greater than 

2.2 or less than 1.8 was not used in subsequent microarray experiments.  Prior to labeling and 

hybridization the RNA quality was further assessed using the Agilent 2100 Bioanalyzer at the 

Duke University Microarray Core Facility.  Reverse transcription, labeling and hybridization of 

the RNA samples was performed at the Duke University Microarray Core Facility.  Biotinylated 

cRNA targets were generated from the RNA sample using a one-cycle eukaryotic target labeling 

assay.  Cleaned and fragmented cRNA was hybridized to the Affymetrix Human Genome 

U133plus2 (HU133+2) GeneChip.  The GeneChips were scanned and the gene-expression data 

pre-processed using the GeneChip RMA (GCRMA) method - after background adjustment and 

normalization an expression value for each gene was calculated as the difference between the 

perfect match and mismatch oligos in each probe set; this expression value represents the amount 

of corresponding RNA species for that particular gene (Wu et al., 2003).  GCRMA expression 

values of low quality were removed using a statistical filter based on expression level and 
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variability across samples (Genespring 7.2).  Gene expression data is available at Gene Expression 

Omnibus (http://www.ncbi.nlm.nih.gov/geo/; accession number GSE8615).  E-cadherin 

expression: probe sequences derived from accession number NM_004360; probe set ID: 

201131_s_at; N-cadherin expression:  probe sequences derived from accession number 

NM_001792; probes set ID: 203441_s_at. 

Statistical Analysis 

The tumor response to chemotherapy was assessed by analysis of variance (ANOVA). When 

significant differences were detected in ANOVA, differences between means were checked by 

Bonferroni’s method.  Student’s t-test was performed for tumor regressions.  P values <0.05 were 

considered significant.  Correlation coefficient was obtained using simple regression analysis.   

Gene expression data was filtered (for a gene to pass the filter at least one observation out of 19 

must be at least 200 using the relative expression units obtained from the scanned GeneChips) 

yielding a list of 26557 genes.  A Pearson correlation analysis was performed across the filtered 

gene list for each treatment group to identify patterns of gene expression that correlated with drug 

treatment – this generated a coefficient of correlation rdrug.  This analysis, however, did not factor 

in changes in gene expression that were functions of time alone following ILI.  This is a critical 

component because ILI, performed with either melphalan or saline, creates a hypoxic environment 

that could alone alter gene expression.  To correct rdrug for time dependent changes related to ILI 

we performed a second Pearson correlation analysis across all treatment groups to generate a 

coefficient rILI for each gene.  We defined the difference between these 2 coefficients (r = rdrug – 

rILI) as representing the degree to which expression of each gene correlated with drug treatment.  

We performed this analysis for each treatment to obtain r values for ADH-1 alone, melphalan 

alone and ADH-1 plus melphalan.  For each treatment or correlation analysis, the genes were 

ranked based on r.  To obtain the heatmap diagram (figure 5a) genes with an absolute correlation 
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coefficient of less than 0.7 were filtered out yielding a list of 290 genes whose expression 

correlated with melphalan plus ADH-1 treatment.  Genes were clustered (Cluster v3.0) and a 

heatmap diagram generated (TreeView v1.6).  To identify specific cellular pathways associated 

with each treatment we applied Gene Set Enrichment Analysis (GSEA) software (5-8) to our lists 

of 26557 genes ranked according to r.   Expression was tested across a collection of 540 gene sets 

and a false discovery rate (FDR) of <0.25 was used to define statistical significance.     
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